(54) METHOD AND DEVICE FOR SHAKING OUT SAND FROM ALUMINUM 

CASTING PREPARED IN SAND CORE 
(11) 56.53867 (A) (43) 13.5.1981 (19) JP 

(21) AppL No. 54-128120 (22) 3.10.1979 
(71) SANKEN SANGYO K.K. (72) KIYOSHI NAKAMURA(l) 
(51) Int. CP. B22D29/00 

PURPOSE: To perform sand shaking out effectively and perfectly by heating sand 
mold core aluminum castings to a high temperature then intermittently and re- 
peatedly blowing high- pressure air. 

CONSTITUTION: A heating burner 10 is burned and a hot air fan 11 is driven to 
feed hot wind into a heating-drying facility 1 as shown by the arrow B, After the 
chamber inside has attained a predetermined high temperature, sand mold core 
aluminum castings 4 are carried into respective facilities 1, 2» 3 by moving an 
intermittent feed type conveyor 5. Respective shutters 6, 7 are closed to shut off 
the atmospheric air, whereby the castings 4 are heated to a high temperature to- 
gether with the core sand. Next, the eatings 4 in a high temperature state are 
intermittently blown several times with the high-pressure air spouted from the 
nozzles 20 of a high-pressure air supply path 12, in the high-pressure air blowing 
facility 2. Thus, the sand which has been weakened of binding force by heating is 
perfectly removed. Next, the castings 4 are sent into the cooling facility 3 and the 
shutters 7, 8 are closed so that they are cooled by the air through an air cooling fan 
13. The exhaust air is completely released into the atmosphere through a dust 
remover 15. 
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(3) "Economical used energy type, continuing heat treating furnace for aluminium 
castings", Kogvo-Kanetsu 

1. Introduction 

It has been a time when the evaluation of a furnace is made in a unit of fuel. 
One automobile maker has been using electrical power as a heat source for adjusting 
furnaces. While the cost for energy in the production cost is rasing up year by year, 
it has been considered to reduce the electrical power unit. However, there is a limit 
of itself, and it is necessary to take steps for economical use of energy (cost 
reduction) which changes the conventional ways of approaching it. 

That is, it is a change to low cost energy, and LPG is about 1/3 cheaper than 
electrical power, depending on each user. As the second condition, improvement of 
productivity per an area unit, namely, effective use of an area of a factory, was to be 
considered by integration of a two story solution furnace-aging furnace by which the 
area used is reduced in 50%. 

2. Production processes of Al alloy casting parts and conventional heat treatment 

processes 

Al casting parts are manufactured with the processes shown in Figure 1 , which 
are processed in a successive manner within a factory. 

Recently, automobile parts tend to be made from nonferrous metal such as Al 
rather than casting steel for the purpose of lightening of their weight, the shapes 
become more complex and the thickness becomes thinner. Consequently, a strong 
knocking treatment can not be used. As it is known, core sand consolidated with 
sand is used as a core mold for Al casting. There are methods for removal of the Al 
core sand, 

such as process A, a method of removal by providing, prior to the heat 
treatment, a furnace dedicated to the sand combustion; 

such as process B, a method of removal by the solution furnace serving 
also as a sand combustion furnace. 
The former usually uses gas as heat fuel dedicated for burning sand, and uses a 
successive furnaces of a direct combustion type with a chain conveyer. Including the 
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former, a hot wind circulating type using electrical heaters as a heat source of 
adjusting furnaces (a solution furnace, an aging furnaces) is often used. 

• Herein, a fuel unit of a conventional type of dedicated sand burning furnace 
is mostly in a range of about 500,000 - 1,000,000 kcal per t. 

Figure 1 Production process of AI alloy casting parts 
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3. Items considered 

1) A method for economical use of energy in A! adjusting furnaces is such that, 
particularly in a solution treatment using gas as a heat source, several items are to be 
considered, such as: 

5 relation between collapsion of core sand and an atmosphere in the 

furnace, 

air pollution by discharged gas 

collection of discharged heat by suppression and decrease of discharged 
loss from the surface of each part of the furnace 
10 reduction of radiation and leak of heat from openings, suppression of 

entrance of cool air, and reduction of power energy 

2) A binder binding core sand for an Al casting is chosen to have a low heat 
decomposition temperature, adequate heat decomposition, and a high heat 
decomposition speed in the air, namely, by which particles of sand are easily fallen 

15 down as the bmder looses its adhesion for adhering the molding sand. Where the 
solution fiimace is of a direct combustion type, it has been revealed that the binder 
is easily decomposed when O2 concentration in the furnace, which contributes to the 
heat decomposition of the binder, is high. It was necessary to determine adequate Oj 
concentration in the furnace for economical use of energy. 

20 Moreover, in a case of direct combustion, it is necessary to consider sand 

dusts in discharged gas. 

3-1. Collapsion of a core and a furnace atmosphere 

As a binder for core sand, resin (thermohardening resin) is mainly used. The 
25 decomposition reactions of binders are mainly as follows: 

C6H5OH (phenol) + IO2 6CO2 + 3H2O 
CH3OH (methanol) + 3/20^ COj + IHjO 
C2H5OH (ethanol) + 30^ ICOj + 2H2O 
Moreover, a bad smell from the binder at the time of the heat decomposition 
30 was one of some problems. Phenol resin is resin made by condensation of a group 
of phenol such as phenol, cresol and xylene with formaldehyde. Ammonia seems to 
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be created in ihe decomposition of foimaldehyde and hexamethylenetetramine during 
the resin production processes, which is considered to be a component of the bad 
smell. (Technical report of one maker, Development of furnace for revival of shell 
sand and pollution) The following are the listed components of bad smells: 
benzol, phenol, toluene, xylene, formaldehyde, ammonia, cresol 

3-1-1 Experiments in test furnaces 

Some tests were made to find the relation between collapsion of core sand and 
O2 concentration. Tables 1, 2, and 3 show the results of the tests. Table 4 shows 
the results of bad smell tests. Herein, smell is shown as follows: 

0: no smell 

1 : smell which can be sensed faintly 
2: smell which can be sensed easily 
3: smell which can be sensed apparently 
4: strong smell 

5: strong smell which can not be endured 
The strength of smell was classified by the above six grade classification. 

Table 1 Tests for core sand itself. 

Furnace atmosphere Results 

Nj 100% no collapsion of core sand (black) 

air 100% collapsion (sand brown) 

gas combustion atmosphere as above 


02 7-10.5% 
020.3-1% 
O^ 3-5.8% 


no collapsion (black) 
collapsion (black) 


heat curve 


500*C Keep 



Table 2 Tests for falling of core sand stuck on Al cut surfaces 


Furnace atmosphere 


Results 


gas combustion 
5.9-6.8% 


surface of sand was brown, burned and 
fallen down, but sand inside of bole is 
black (not fall) 


air 100% 
(O^ 20.8%) 


100% sand was brown, burned and fallen 
down 



Al testing object 
core sand 


Table 3 Tests for falling of core sand stuck on full-sized Al samples 


Furnace atmosphere 


Results 

gas combustion O2 

35% 

air excess coefficient 


about M= 1.2 



no collapsion of core sand (black) 


7% 

M = 1.5 



as above ... smell tests 

02 

10% 

M=2 surface was fallen down 



but no collapsion in inside 

air + N2 



0, 15-219 


as above 

air 0,20.8% 


100% collapsed 


heat cycle 

.5cxrc 



Panelists 15th test 3 males 3 females 
16th test 2 males 2 females 
Q} female 0 male 

Table 4 Results of sensing tests by panelists 
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♦ The stronger smells were sensed in the air atmosphere t)ecause of relations 
between the flow amount entered and the occurrence of steam, etc. 
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3-2 Determination of a combustion system for a sohJtion ftimace 

1) (Oj amount of around 20%) is the optimized condition relating to a breakaway 
of the mold sand. 


2) Where the Oj concentration of the ftimace atmosphere is about 10%, a 
breakaway of molding sand is small, and the heat treatment will be over with the rest 
of sand stuck on the treated object. If a furnace used is a direct combustion type, the 
coefficient of air excess for combustion is necessary to be over M = 2 in order to 

5 make O2 concentration 10-20%, which is not preferable in a sense of economical use * 
of energy. 

3) By using a radiant tube combustion method in a combustion system of the 
solution furnace, concentration is increased. Moreover, no facility is needed for 
preventing air pollution (for a bad smell, for sand in discharged gas). Accordingly, 

10 it was determmed to use a radiant tube method. 

In addition, merits and demerits of some combustion systems were considered. 


3-2-1 Tables of comparison of each combustion system (see Tables 5-1 to 3) 


15 Table 5-1 Comparison of burner units 
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Table 5-2 Comparison from the view point of total systems of furnaces (pollution) 
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Table 5-3 Comparison of total equipment costs (-% of equipment costs is shown 
such tat that of the gas heated recuperater type of radiant tube is 100.) 
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4. Heat efficiency of a furnace 

It is not too much to say that heat efficiency of a furnace depends on, other 
than heat absorption by a heated object, the following loss and collection of 
discharged heat. 

Table 6 is a table of heat calculations of existing Al adjusting furnaces of an 
electrical heating type. 

1) heat lost from openings of the fiimace by radiation and convection 

2) heat loss by blowing in and out of cool air from opened doors and peripheral 

gaps 

3) loss by heat conduction from perforations for metal supports in the furnace 

4) heat loss by water cooling jackets 

5) loss by discharged gas 

6) loss by excess air 

7) imperfect combustion 

8) accumulated heat in walls and heat loss by radiation from the surface of the 
furnace to the air 
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Table 6 


Table of heat calculations of existing adjusting fiirnaces of an electrical 
heating type (horizontal type) 
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\ 


kcmlfh 


kcaJ/h 


213,000 i 
35,260 ': 


661 
141 


15 



jtPtt:tt1R3f^ft (138 m». 165 m') 


89,440 
49.020 
56,400 
36.460 


56.669 
53.535 


35.7 
19.6. 
23. 5i 
14.5 


18.920 i 7.7 


j 250,250 I 


jool 


250,260 


iool 


kcaJ/h 


5I.5| 
46.5 


26,832 
9,632 
45,560 

28.380 


110,424 I I00| nO,'<24 


% A «^ 35.7% 


\ ^ m 24.3% 


^ 3CL2% 


I 501.667 kc*l/t (583.3 kW/i) 


24.3 
8.7 
41.3 

25.7 


)00 


The following are the steps taken in the present plan; 

1 . improvement of heat conduction and reduction of power 

2. collection of discharged heat (recuperater), use of heat for heating the treated 
20 objects in the aging furnace 

3. conduction heat by co-use of a furnace wall (a ceiling of a solution furnace 
and a floor of a aging furnace) 

4. suppression of heat loss from perforations for metal supports in the fiimace 

5. review of fire-resistant material and construction methods 
25 6. suppression of radiation, leak and entrance from openings 

7. suppression of radiated heat by miniaturization of a furnace 
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5. Steps taken for economical use of energy 

Figure 2 shows a flow of a successive AL adjusting furnace of an economical 
used energy type in accordance with the present plan. Figures 3 and 4 show its outer 
views. 
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Figure 2 Flow of treated object ^^^xc^s^e. ^W\x^ ^y^^ul 
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Figure 3 Side view of the successive furnaces 



Figure 4 




5-1) Improvement of heat conduction and reduction of power 

Aluminium is shinning beatable material, and has very small heat radiant 
conductivity. It is governed by heat conduction of convection. 
The convection conduction is: 
Q = ac X A X At 

ac: conductive coefficient of heat convection (kcal l/m^h°C) 
A: area 

At: temperature differential 
In a case of forcible convection, ac is: 
ac = a + bw 

W = wmd speed : m/s 
Figure 5 shows a flow of a hot wind in an existing solution furnace of an 
electrical heating type. Figure 6 shows a flow of a hot wind in a solution furnace of 
an economical used energy type. Table 7 shows RC fan capacities of the existing 
furnace and the present furnace. As the existing furnace uses a method for circulating 
a hot wind by which the hot wind is divided in the center, the wind speed is V = Q/2 
m/sec. On the other hand, as the furnace of the economical used energy type uses 
a straight method for circulating a hot wind, the wind speed is V = Q m/sec, and 
accordingly, about same heat conduction is obtained by a half of wind of the existing 
furnace, and the driving motor can be simultaneously saved, resulting in improvement 
of heat conduction. In addition, in the aging furnace, the circulation methods were 
changed from a wide direction type as in the existing furnaces to a longitudinal 
direction type, resulting m significant reduction in the RC fan capacity. 


Figure 5 Existing furnace 



ircfidc^ object 


Figure 6 Economical used energy 
type furnace 
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Table 7 Capacities of RC fan equipments 


^tt ft «B 

\*: « a: ♦ ft 

45 kW-I^ 
37kW-I^ 
45 kW-.|^ 
-^/h ff 172 kW 

37kW^I^ 
37kW-I^ 

|/h H 140 kW 

-KtRiP 45kW^I6 
37 kW-3^ 
- sh H 156 kW 

ttRjIP 37 kW--|^ 
37 kW--l^ 
If 74 kW 

— # tt 328 kW 

^ If 214 kW 


5-2) Collection of discharged heat 

The radiant tube burner of the solution furnace was of a recuperater contained 
type, so as to aim improvement in the efficiency of the solution furnace itself. (A 
non-heat exchanging type tj: 50-65%, a heat exchanging type 73%.) 

As the temperature of the discharged gas of the tube was high at 640-45(fC, 
it was expected that it could be used as 50% of necessary heat in the aging furnace. 
Thus, the RT discharged gas was introduced to the aging furnace, and the discharged 
heat was collected. Figure 7 shows the schematic flow thereof. 


Figure 7 Flow of collection of discharged gas 

1. radiant tube burner 

2. collection duct 

3. hot wind temperature 
control damper 

4. collecting fun 

5. collecting damper 

6. hot wind entrance 

7. purge damper 

8. discharging duct 
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5-3) Use of conduction heat by co-using of a wall 

In the present furnace of the economical used energy type, a wall was co-used, 
so as to reduce heat radiated from the two fiamaces to the air. As well, it was 
expected to be possible to improve the heat in a unit of treated object at 30,000 kcal/t 
up, by using conduction through the wall from the solution furnace (520°C) to the 
aging furnace (170°C). 

5-4) Suppression of heat conduction from perforations for metal supports in the 
furnace 

The furnace is not made from bricks, but has many parts, such as driven 
rollers, fans, burners, stud pins for fire-resistant material, screws, photo tubes, 
thermal couples, and the like, which are coupled inside and outside of the furnace and 
protruded therefrom as soft steel material which has a high heat conductivity. 
Because of this, heat is discharged by heat conduction in those parts due to the 
difference between the furnace temperature and the air temperature. It is calculated 
for the existing furnace as about 22 kW • 32.5 kW/h which is a large value: 

an area of heat conduction 1,485 m^ 

heat conductivity 46 kcal/mh°C 
For prevention of them, the conduction area was as minimized as possible, and at the 
same time, a heat isolator was inserted in spaces of the perforations. 

5-5) Reduction of heat loss by reviewing fire-resistant material 

In a hot wind circulation type of furnace, the temperature of the outer wall is 
higher than the conventional furnace, and the heat loss becomes 2-3 times of that of 
the conventional furnace. The causes of this seem to be enhancement of heat 
conduction by convection to the inner wall of the fiimace, and invasion of the hot air 
in the fire-resistant material. Though the economical thickness of the fire-resistant 
material is to be considered, in the solution furnace, the lining thickness was changed 
from 200 mm to 250 mm to change the temperature of the outer wall from 70^ (the 
existing furnace) to 50°C. In the aging furnace, the lining thickness was changed 
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from 125 nun to 150 mm to change the temperature of the outer wall from 6(fC (the 
existing furnace) to 45°C. 

5-6) Reduction of radiation and leak of heat and entrance of cool air from openings 
In the solution furnace, sand fallen from core sand accumulates on the floor 
of the furnace. As a means for discharging it out of the furnace, a screw type of 
sand discharging device is provided. Conventionally, there were a large amount of 
blowing out of hot wind and suction from those discharging openings. Accordingly, 
the screw of a self sand seal type was used and automatically driven with an interval, 
and the openings were minimized, so as to improve sealing effects as much as 
possible. 

5-7) Reduction of the outer surface area of the furnace body 

As mentioned above, in the solution ftimace, the furnace was miniaturized by 
changing the methods of flowing a hot wind from a wide direction type as in the 
existing furnace to a longitudinal direction type. The outer surface area was reduced 
to 78% of the existing furnace, resulting in suppression of energy loss. 

6. A fuel unit 

Table 8 shows the heat calculations of the economical used energy type of 
fiimace. 
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Table 8 
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.V tosj 


4 


kc«1/h 


398,087 
20.M5 


86.2 
4.4 


m 


kcal/h 


43^193 


9.3; 


If 


Rf: % HI 


461. 83^ I 100 


114,932 
M,6)8 
60,255 
47.250 
19,400 

43,193 
23,169 
67,865 
3.542 
7,041 


24.6 
11.8 
13 

10.2 
4.2 

9.3 
5. 1 

M 
1.5 


kcal/h 

% 

55,639 

33.7 

14,279 

6.6 

7,320 

4.i 

07,660 

33.2 


461 ,835 


165,100 


100 


jS^fe A <P 28.8% 


472.630 jctlh" 


)5I iP.. 

33. 8»/ 


65.2% 


(M9 k\V/t) 


36,323 

22 

14,560 

8.8 

23,380 

14.2 

23.426 

14.2 

9,185 

5.6 

M.305 



43,718 


26.5 


165,100 


100 


6-1 Evaluation (comparison with the existing furnace) 
20 




existing 

electrical 

furnace 

present economical 
used energy type 
furnace 

solution furnace 

efficiency 

35.7% 

28.8% 

aging furnace 

efficiency 

24.3% 

65.2% 

total 

efficiency 

32.2% 

33.8% 

fuel 

unit 


472,630 kcal/t (549 kW) 

fan Joule heat 


501,667 kcal 

507.461 kcal/t 


all fuel unit \ f583.3kW/t) (549+40.5 ° 589.5 kW) 

30 

Although there was a handicap of loss of discharged gas by gas combustion, 
the fuel unit was made to equivalent with that of the existing furnace. 
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This was achieved by the following steps: 

a) using the discharged gas of the solution furnace in the aging furnace, 
so as to improve efficiency from 24.3% of the existing furnace to 
65.2% 

b) using heat conduction in the wall surface 

c) miniaturizing the furnace 

d) reducing the discharged heat 

6-2) Running cost differences (comparison with the existing furnace) 
annual running hours : 7,200 hours 
electricity fee : 20 yen/kW 
gas fee : 102 yenyi2,500 kcal 
treated amount : 960 kg/h : 6,912 t/Y 


existing electrical furnace 
electricity fee : 583.3 kW/t x 6.912 t/Y @ 20/kW = 80.600^000 


present fiimace of a gas combustion type 

1) gas fee : 472.630 kcal/t x 6,912 t/Y x 102 yen/12,500 

= 26,650.000 

2) electricity fee : 40 kW/t x 6,912 t/Y x @20 

= 5.670^000 (Joule entering heat) 

total 32,320,000 

The running cost is about 1/2.5 of that of the existing furnace. The annual 
cost down is about 48,200,000 yen. 

Therefore, the object to change to low cost energy has been achieved enough. 

7. Conclusion 

While the economical used energy is in inverse proportion to the initial cost, 
it is necessary to consider reduction of incidental electrical power as well as reduction 
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of fuel cost by using the discharged gas of a low temperature as further reduction of 
equipment costs is required. In a heat treatment furnace of a low temperature, a RC 
fan of a large capacity is usually provided for convection conduction. As the fan 
motor is set in a starting condition of a normal temperature, a motor with a capacity 
5 of about twice of that at a normal operation, depending on a temperature, is often 
used. Thus, as well as the equipment capacity, the invalid electrical power of the 
motor itself is large and vain energy is consumed. 

7-1) Reduction of power by a pole change motor 

10 A motor can be mmiaturized by a low speed operation at cold starting and a 

high speed operation at a predetermined temperature. Moreover, the suction amount 
of a cold wind into the furnace by the effect of the RC fan at a time of door opening 
is about 20% in the present furnace, depending on the types of furnace. The effect 
to the fuel unit is 59,137 kcal/t which is about 15% and very large. It is also a merit 

15 that economical use of energy can also be achieved by low speed rotation of a pole 
change motor at a time of door opening. As much know-how was obtained from the 
tests of real temperatures about maintenance of precise temperature distribution which 
is specific in an Al heat treating furnace, it is ensured that power can be reduced. 

20 7-2) Saving of electrical power used by miniaturization of a motor 

In the present furnace (see table 7), equipment electrical power for the RC fan 
can be reduced from 214 kW to 67 kW. Further, fan electrical power per hour can 
be saved 100 kWh. The annual running cost down is 14,400,000 yen of electrical 
power. 

25 The reduction of fiiel by a low speed operation at a time of door opening 

realizes about 96,000 kcal/t less, which is in an annual running cost down of about 
4,700,000 yen. 

After this, the above system was fortunately implemented. Though it was on 
a basis of trial and error, the result was almost sufficient in improving fuel unit and 
30 saving power, and thus, the economical use of energy (reducing cost) has been 
achieved. 
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